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ABSTRACT
Traditional Slideware presentation tools (e.g. PowerPoint) suffer from the problem of 
premature formalism, which interferes with how authors develop new knowledge. Free-
form spatial content organization can overcome this problem, by allowing users to express 
multiple, emerging relationships among content elements. Although its ambiguity fosters 
interpretation of relationships for both authors and audiences, the ambiguity will make 
presentation more challenging to perform. Therefore, we integrated hypermedia pathways 
with a free-form space to support presentations. We conducted a field study, addressing 
158 users to understand authors’ experiences of creating content in free-form space, 
integrated with hypermedia pathways for presentation. Our findings show that this 
integration supports users in not only developing new ideas, but also in performing the 
presentations.
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1. INTRODUCTION
We built and evaluated a system that supports users’ iterative ideation through orga-
nizing content in free-form spaces, while providing hypermedia pathways to manage am-
biguity through performance of well-organized presentations in those spaces. Hypertext
supports non-sequential writing and reading [1, 2] Basically, hypertext consists of nodes,
connected by links, to form pathways [3]. Hypermedia simply extends the types of nodes
to multimedia. We introduce hypermedia pathways, which enable non-sequential access
to multimedia nodes that are organized in a free-from space.
Slideware, the prior medium of presentation, typified by PowerPoint, forces users,
from the beginning, to slice and dice content into slide units connected into a sequence
for presentation [4]. This constitutes premature formalism [5], which has been shown to
interfere with how people develop new knowledge.
Spatial hypertext enables users to overcome premature formalism by manipulating re-
lationships among content elements [6]. Free-form web curation extends spatial hypertext
with support for visual thinking to help users conceptualize and create new contexts—in
which they discover, interpret, and represent relationships —by composing content ele-
ments into a connected whole [7]. The ambiguity in a free-form space, which enables
multiple interpretations of the relationships among content elements, can serve as a re-
source for design creativity [8]. Authors take advantage of this ambiguity to create new
ideas, i.e., to engage in ideation [9].
Slideware’s premature formalism problem is rooted in an underlying assumptions, such
as a separation between emergent creative ideation processes and more focused processes
of creating and performing a presentation, based on ideas that are already understood.
Slideware does address the need to overcome apprehension associated with performing
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presentations [10], by providing creators with structure for a ‘well-organized pitch’ [11].
However, it does not focus authors on the task of articulating relationships connecting as-
sertions with visual evidence; presentations with this structure have been found to support
higher comprehension of complex concepts [12]. Our contribution is rooted in enabling
the creation and navigation of well-organized presentations while continuously supporting
ideation through the articulation of relationships.
In order to support ideation and well-organized presentation experiences, we draw
from hypertext. We develop a new, integrated form of hypermedia, which fuses node-
link pathways with space. We provide hypermedia pathways to help presenters navigate
through free-form spaces. The nodes are built with presentation frames, which unitize the
content of a space into separate views, like slides. Frames are linked into hypermedia path-
ways, which generalize the form of slide sequences (See Figure 1.1). Our research ques-
tion is, How do hypermedia pathways, in conjunction with organizing content in a free-
form space, simultaneously support users in using ambiguity as a resource for ideation
and then to manage the ambiguity, to support creating and performing well-organized
presentation experiences?
We conducted a field study, addressing 158 users and interviewed 29 authors of presen-
tations. We generated four categories of findings: free-form multi-scale spaces, hyperme-
dia pathways navigation, improvisational performance, and Ideation. Our findings show
how people use hypermedia pathways in conjunction with free-form space content orga-
nization to make well-organized presentations. In the end, we discuss how hypermedia
pathways help authors manage ambiguity in free-form spaces, while supporting ideation.
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Figure 1.1: Night Fall Arena, P21’s final presentation for multi-play game design course
project (http://ideamache.ecologylab.net/v/bUfWFcpDUd/). P21 spa-
tially arranged presentation content in free-form space into a recognizable form which
mimics a working desk, for example, put their game structure content on a notebook
putting on the desk. Content elements are unitized by presentation frames (light blue
boxes). The blue connection lines in conjunction with presentation frames constitute hy-
permedia pathways, which provide navigation through content for performing presenta-
tions.
3
2. BACKGROUND
We situate our work in literature on the drawbacks of traditional slideware, ZUI presen-
tation tools, other presentation tools, hypertext, free-form web curation and performance.
2.1 Slideware
Slideware, such as PowerPoint and Keynote provide visual presentation support. A
slide is a single view of a set of information [13]. Slides are equally-sized chunks in a
linear sequence.
Tufte criticizes slideware’s rigid slide-by-slide hierarchies, which slice and dice ev-
idence into arbitrary compartments, producing an anti-narrative with choppy continuity.
Slideware forces users to prematurely use the structure of slide sequence and bullet points
for presentation content. Shipman and Marshall found that premature formalism interferes
with how people develop knowledge [5]. It can produce a gap between the user’s goals
and the system’s representation. Therefore, Tufte suggests to use multiple slides, several
images at once within the common view. By doing this, the audiences could select, sort,
edit, reconnoiter and review by direct spatial adjacency of evidence.
There is also a time dominance issue with slideware [14]. The slideware tools only
provide a hard-coded timeline for the talk. It is hard to get random access to slides. As
a consequence, if the presenters do not have enough time to finish talking or anything
unexpected occurs, the presenter has no way to directly jump to a desired slide instead of
the previously assigned one [15].
Reusing content is also hard in slideware. The only way to reuse a slide is to copy and
paste that slide again. If the users want to reuse the contents for different talks, they need
to project the contents onto a new timeline again [14]. In our work, we definitely want to
get rid of those issues of slideware but maintain its advantages.
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2.2 Zoomable User Interfaces (ZUIs) Presentation Tools
Zoomable user interfaces enable viewing information at different scales, drawing on
spatial cognition [16]. Continuous changes in scale are a fundamental interaction tech-
nique. Human memory encodes spatial information distinctly from verbal information
as the psychological hypotheses suggest. The spatial layout will provide audiences with
an additional attribute or memory pathway with which to recall the presentation content.
Prior ZUI presentation tools include CounterPoint, Prezi, and Fly.
CounterPoint simplified creation and delivery of zoomable presentations [17], en-
abling spatial content organization, paths, and levels of detail. However, CounterPoint
was implemented as a plug-in of PowerPoint; therefore, users have to start authoring con-
tent by creating slides and manipulate content at the slide level. Their study only had 7
presenters who were not involved in CounterPoint’s development.
Prezi is a popular commercial ZUI-based presentation tool on the web [18]. Prezi
allows users to insert multimedia elements to a virtual canvas. When performing presen-
tation, Prezi allows users follow the predefined sequence and zoom in and out to show
each slide. A key difference the user model of Prezi, and ours, is that in Prezi authoring
of content is performed in terms of a sequence of slide units, while in our work, authoring
of content in a free-form space is separated from unitization into presentation frames and
linking into hypermedia pathways. Prezi only enables a linear sequence for performing
slides.
Lichtschlag et al. developed Fly, a ZUI interface for authoring presentations [14, 19,
20]. Fly allows authors to freely lay out information on a plane, in a map-like fashion,
rather than using the slide metaphor. Fly’s planar design limits interaction to a finite num-
ber (just two) of levels of depth, to avoid the inconveniences of locating a specific item
and losing objects’ relative proportions. When the users finishes their organization of con-
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tent, they need to zoom in or zoom out to choose the exact view the audience will see at
one time, and then click the ‘snapshot’ button to make a node on the path. Fly does not
support integrated content element editing content elements, beyond copy and paste. Fly
also lacks support for branching pathways. A study of Fly showed that it better supported
prototyping and re-casting ideas both during the time of authoring a presentation and while
performing it.
2.3 Other Presentation Support Software
In addition to Slideware and ZUIs media, prior researchers developed a variety of tools
to support presentations.
Spicer et al. addressed PowerPoint’s problem, that it is hard to fluidly navigate linear
structure when delivering a presentation to different audiences. They made NextSlide-
Please, which uses a hyperlink-inspired graph-structure approach for authoring and deliv-
ering multimedia presentations to enable users navigate dynamically to respond audiences’
needs [21]. NextSlidePlease automatically searches and analyzes presentation datasets to
provide a meaningfully structured presentations. However, since NextSlidePlease only
manipulates presentation content on the slide level, there is no ZUI and no capability for
overlapping content units.
Drucker et al. developed a technique for comparing and managing multiple slide pre-
sentations [22]. They addressed that users commonly create multiple versions of a pre-
sentation for adapting it as necessary to the audience or to other presentation constraints.
For example, a user may design a short version of a presentation for a conference, while
another version might be an hour long presentation for teaching undergraduate students
in class. The researchers developed a framework for comparing presentations to identify
the subsets of slides that are similar across each version. They then provided an inter-
active tool for viewing multiple versions of a presentation, which facilitates assembly of
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new presentations from prior versions. Our approach to hypermedia pathways provides
the support for authoring multiple presentations of the same content as well.
Lanir et al. developed a presentation system which is designed for working on very
large display spaces. Their system, MultiPresenter, takes the benefits of multiple displays
and physically large high-resolution displays. The presenter can author their presenta-
tion content in the external slideware tool, an PowerPoint, and then author the flow of a
two projector presentation in MultiPresenter [23]. Both static and dynamic presentations
are supported in MultiPresenter. The presenters are able to use multiple screens to pro-
vide more context, regrading previous information or emphasize the important items, by
putting them on the second screen to make them visually available for a longer time. Dur-
ing presentation delivery, the presenter can decide to select and display any slide at any
time on the second projector. Further more, there is also a support for multiple versions
control. Their system needs multiple displays to achieve dynamic presentation; however,
our system only needs one. By arranging the presentation content in a continuous space,
we can show the spacial relationships among content units inherently rather than relying
on more displays.
Linder et al. proposed a free-form medium of presentation, in which the content is
not separated into rigid slide compartments but visually arranged and transformed in a
continuous space [13]. They did research on how free-form presentation stimulates free-
form thinking and discussion in the classroom. Free-form thinking involves: “1) impro-
visational exploration of associations; 2) the emergence of new ideas, generated through
building on previously known associations; 3) divergent wanderings to unexpected places;
and 4) spontaneous synthesis of new understandings, relationships, and ideas.”
From their study, they show that the free-form medium enabled users to experiment
with relationships among elements. The free-form assembly of clippings will help users
to make connections among elements and, therefore, stimulate thinking and talking. For
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this reason, our system provides functions for supporting free-form presentation to help
users to articulate complex relationships, and thus stimulate free-form thinking as well.
2.4 Hypertext / Hypermedia and Spatial Hypertext
Hypertext enables non-sequential writing and reading [1, 2]. Hypermedia generalizes
hypertext to include multimedia, such as image, audio and video [3]. Since our thinking
processes are not sequential, hypertext is expected to provide better support for thinking
and representation of ideas [1]. We applied the idea of hypermedia to our presentation
content navigation design. Individual chunks of information are usually referred to as
nodes. Nodes are content holders [6]. In our context, we called the nodes ‘frames’.
Spatial hypertext enables nodes to be created and moved to express relationships through
spatial proximity. It flexibly supports iterative change in design processes [6]. Information
composition extended spatial hypermedia—with an emphasis on the visual and a sense of
the whole—in order to promote the creative cognition of relationships among elements
[24].
2.5 Free-form Web Curation
IdeaMâché enables performing strategies of web curation: Collect, Assemble, Shift
Perspective, Sketch, Write, and Exhibit [7]. Elements—including images, text clippings,
videos, and embedded web documents—can be gathered from web pages by drag and
drop. They can be assembled in free-form space by moving, scaling, clipping, and ro-
tating. Collected elements support re-finding to source web pages. A ZUI enables Shift
Perspective operations of pan and zoom. The space can be annotated using text and sketch-
ing. A cloud service enables Exhibiting curations with permalinks.
While prior versions of IdeaMâché enabled free-form web curation, there was no sup-
port for presenting content within these spaces, using hypermedia pathways, for presenta-
tion. A prior study showed that while free-form curation was valuable for informal pre-
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sentations in seminars, where it was shown to stimulate free-form discussion, users were
reluctant to use it for formal presentations, because it felt too difficult [13].
2.6 Performance
The performance of presentations is an important aspect of how people engage in and
with them. The field of performance studies connects perspectives on “performance”
across diverse aspects of human experience. Goffman defines performance as, “All the
activity of an individual which occurs during a period marked by his continuous presence
before a particular set of observers and which has some influence on the observers [25].”
From this definition, it is clear “performance” has the potential to provide a useful framing
for the investigation of presentation, in contexts such as research, education, and business.
2.6.1 Improvisation in Presentation Performance
Berliner gives a definition of improvisation [26]:
Improvisation involves reworking precomposed material and designs in re-
lation to unanticipated ideas conceived, shaped, and transformed under the
special conditions of performance, thereby adding unique features to every
creation.
From this definition, we can see improvisation happens in presentation performances.
For example, some presenters append extra slides at the end of presentations as a way to
prepare to answer questions. For business presentations, the presenter may have back up
slides to present based on the reactions of their clients. They can not decide which slides to
present until the time they start the presentation and see the reactions of their clients. Time
constraint is an another important reason for the presenters to perform improvisationally.
When running out of time, the presenters will skip some slides until they find one to resume
presentation in order to end the presentation on time. A teacher may change topics during
9
the class presentation to best respond to her students.
Yates et al. found that “the strong sequentiality of [PowerPoint presentation] constrains
the presenter’s ability to respond flexibly to the local audience’s interests and issues” [27].
The limitation of the sequentiality of PowerPoint is shown in this experience of a university
student:
“In my class yesterday, I asked a question and the professor said that she
would be covering that a few slides ahead. But then several slides later I re-
member thinking, hey, she’s forgotten my question. I felt annoyed and wanted
to say something, but then I could not remember exactly what I was wondering
about. The moment had passed” [28].
Because of the multiple usages of improvisation in presentation performance, we designed
the functions in our system that support improvisation in presentation performance.
2.6.2 Performance Anxiety and Skill
In 1975, Csikszentmihaly defined Flow as “the holistic sensation that people feel when
they act with total involvement” [29]. Players in flow may be aware of their actions but
not of the awareness itself [30]. The performed activity and interior psychological self’s
boundary dissolves.
For presentation performance, if a presenter is in flow, she could maximize her cre-
ativity and impact on audiences [31]. Presentations will be believable not only because
the presenters are prepared and logical, but also because the presenters are moved by the
topic as well. A presenter must fully believe in her story and be ‘lost in the moment’ of
engaging their audience.
However, the flow experience can only begin at the time when challenges and skills are
above a certain level, and are in balance [32]. This means that when people participate in a
highly challenging activity (such as a presentation performance), if they are highly skilled,
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they are more likely to be in flow. On the contrary, if they do not have enough skills, they
are more likely to feel anxious. For example, a dancer is less likely to experience anxiety
if she is feeling more capable of performing a role than one whose skills are deficient [33].
Public Speaking Anxiety (PSA) is an common issue for presentation performs. One study
shows that approximately 70% of university students involved in the study indicated at
least a moderate level of anxiety in oral presentations [34]. Bishop et al. also conducted
a survey which shows that among 803 college students, 35% of them suffered from PSA.
Speaking anxiety can lead to low quality presentation performances [35].
Since the cognitive workload of performing presentations is very high [36], performing
presentations is normally challenging. Helping people improve their skills has the poten-
tial to reduce anxiety. In this reseach, we provided capabilities to help users respond to the
challenges they meet in presentation performance.
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3. SYSTEM DESIGN
To investigate how people use hypermedia pathways along with free-form spaces to
create and perform well-organized presentations, we designed a system that integrates
hypermedia pathways with free-form web curation. Hypermedia pathways consist of pre-
sentation frames, connections among frames, and visual support for navigation though
pathways. The system runs in the Chrome browser. Presentations are stored in the cloud,
facilitating access across computers and networks.
3.1 Authoring: Unitizing the Space into Presentation Frames
While free-form spaces are valuable for showing relationships among content ele-
ments, limitations in screen resolution and human cognition dictate breaking content down
into units. People learn better when information is presented in bite-size segments [37].
We enable users to create a content unit, i.e., a presentation frame node, by drawing a
rectangle around a target area or capturing the bounding box of the current view. Frames
are editable—e.g., by resize, move and delete—to fit users’ evolving ideas. We use light
blue lines, with white highlights, to delimit presentation frames in free-form space (See
Figures 3.1 and 3.2). By default, the first created frame is the presentation start node. The
author can specify any other frame as the first node.
3.2 Authoring: Linking Frames into Hypermedia Pathways
Hypermedia pathways link presentation frames. During presentation, each frame is
shown one at a time, as the presenter advances and chooses from one or multiple paths
from that frame. The link between two frames indicates the potential sequence of those
frames in the performance of a presentation. This link is always directed link, either
unidirectional or bidirectional. In a linear pathway, each presentation frame has one link
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Figure 3.1: Free-form curation example without hypermedia pathways.
which points to the other. Whereas in branching pathways, at least one frame has more
than one outgoing link.
The link between two frames is represented by a light blue line, with white highlight;
arrowheads show direction(s) (see Figure 3.2). The link points to the frames that poten-
tially will display next. A bidirectional link between two frames indicates that they can
be both next or previous. Users create a link by selecting a start frame and then dragging
the mouse on the top of desired end frame of this link. The algorithm calculates the exact
positions of start and end points of the link, based on the intersection of frame borders
and connection lines of two frames’ centers. It then draws the links as Bézier curves.
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Figure 3.2: Free-form curation example with presentation frames and links, which com-
pose hypermedia pathways.
Moving or scaling a frame will cause redrawing links, without any changes in the links’
relationships. When a frame is deleted, all links to it are automatically deleted.
3.3 Presenting: Hypermedia Pathway Navigation
After authoring pathways in free-form space, by unitizing content and linking frame
units, users are able to start presenting by using hypermedia pathways navigation. Hyper-
media pathways include simple linear pathways, which resemble those supported by prior
tools, and branching pathways, which add versatility and complexity to content structure.
When the user begins presenting, the viewport is automatically centered and scaled on
the current frame to make it fit the window. Frame borders and links are hidden. When
14
Figure 3.3: Visual Cues in Hypermedia Pathways Navigation. Arrow icons show the
direction of connected frames. Thumbnail of connected frames will show up when users
hover on the icon.
users set up linear hypermedia pathways, presenting operation is similar to PowerPoint. A
single click or keystroke moves the viewport to the next frame or previous one.
With branching pathways, in order to help the presenter choose next frame when there
are multiple choices, we provide visual cues, as arrow icons and thumbnails for outgoing
connections (See Figure 3.3). The arrow icons are placed around the edges of current
frames, indicating the relative position between each linked frame and the current one.
The presenters selects one of the frames and then presses ‘Enter’ or clicks to go to it. For
supporting improvisational performance, the system also enables manual pan and zoom of
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the viewport during presentation performance.
3.4 Presenting: Animating Changes in Scale and Position
Bederson and Boltman show that animation helps people build mental maps of spa-
tial information [38]. Thus, to facilitate audiences understanding of relationships among
content frames, in presentation, transitions between frames are animated. A transition ani-
mation algorithm pans and zooms the viewport to show relationships. If the bounding box
of a smaller view is contained by the bounding box of a larger one—a transition between
an overview and details—zoom and pan will be performed together. Otherwise, we cal-
culate the Euclidean distance between the frames, in 3-D space. If that distance is below
a threshold, meaning that the views are nearby, the viewport will again directly pan and
zoom. Else, if the distance exceeds the threshold, if there is zoom-in, increasing detail, the
viewport will pan first, to illustrate the context of that detail. Otherwise, again to illustrate
context, the viewport will zoom-out first and then pan. In comparison to Prezi, which
always animates transitions by zooming out and then in, the present approach works to
make transitions meaningful. Animation time is based on the Euclidean distance.
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4. SCENARIO
The scenario is based on our study, which addresses how students use free-form spaces
with hypermedia pathways to make presentations for their multiplayer game design project
in a computer science course. We take P17 as an example (See Figure 4.1).
Neal is an undergraduate in computer science, taking the Programming Studio class.
He and his team member, Matt, Peter and Amy are working together on a multi-player
game design project. They already worked on this project for almost the whole semester
. Now it is time for them to do a 5 minute final presentation of their game design project,
which includes a 2 minute video about their game. The final presentation needs to address
aspects of their design process, including user experiences, game mechanics, software
design, interface design and evolution of ideas.
Concerning team work, they discussed the whole presentation together. Next, they
assigned parts to teammates. They segment the presentation into 4 parts. Neal takes
the evolution of visuals part. Matt takes the software design part. Peter takes the game
mechanics part. Amy takes the last part, which is about what she learned from the project.
They decide they will individually create their segments and then copy and paste them
together into Neal’s presentation, to make the.
When Neal starts working, he doesn’t know what exact structure he needs to use for the
content. Therefore, he decides to start by putting everything in the corner. He first inserts
the logo picture into his presentation. He decides that this logo should be in a single
frame. Therefore, he opens the presentation authoring tool and creates a presentation
frame, which covers the logo picture and sets this frame as the start frame (represented by
the small star icon shown on the left corner of the frame). (See Figure 4.2)
Next, he decides to put some of their design drafts into the presentation, to show initial
17
Figure 4.1: P17’s final presentation for a multi-player game design course project.
ideas and brainstorms in their heads. He chooses to create an overview frame and detail
frames, within the area of the overview frame, to show relationships. After creating these
frames, he uses connection lines to link them together in a sequence (See Figure 4.3).
Then, he inserts their first and second game interface mockups. For each interface
mockup, he makes a frame to unitize it. He also creates overview frames. He inserts
images of game component design, just as one frame, and a bunch of design images for
the new visual design of some icons (See Figure 4.4).
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Figure 4.2: The start of evolution of visuals part in P17’s presentation.
However, he finds the icons are too large compared to other content. He multi-selects
the icon images and resizes them into a suitable size. He makes a frame to unitize them as
a group. He adds a title to this frame. Then, he inserts the new design for ship selection,
ship positing interfaces and new game screens. Initially, he decides to insert those parts
on the top of previous content. However, when he tries to do that, he realizes that it is not
in a good looking. Since the new design for ship selection is related to the content which
shows the new design of the ships, he thinks it might be better for him to move the new
content on the right side instead of on the top. He resizes the ship selection interface image
and moves it on the right side. Next, he maks each content unit a frame and linking them
together (See Figure 4.5).
After Neal finishes his own part, Matt sends his parts to Neal. Neal directly opens
Matt’s presentation. He copies and pasts the content to his own. Then, he creates frames
and connects them to the central start frame (See Figure 4.6).
19
Figure 4.3: Adding rough start frame.
Next, Neal does the same thing to Amy and Peter’s segments. He finally makes a
butterfly structure of the presentation. Neal thinks he is almost done, but then he suddenly
realizes that he missed the video which is required in the presentation! He goes to their
video on YouTube. He drags the video webpage directly into his presentation, creating
a video clipping. He makes a frame to unitize the video, within the space. He links this
video frame to the start frame in the center.
Neal views the whole presentation several times for rehearsal. As he views the presen-
tation, he gets new ideas about revising content and frames. He finds it is good to have
a butterfly shape for the whole structure (See Figure 4.1). This butterfly shape of content
organization makes it easier to present without deciding the exact presentation sequence.
Besides, this organization also shows the relationships among those 4 main parts of this
presentation. Finally, he is satisfied with his presentation.
20
Figure 4.4: Adding more mock ups. Figure 4.5: Adding more visual designs.
Figure 4.6: Adding software design part. Figure 4.7: Adding game mechanics part.
On the day of his presentation, Neal goes to the IdeaMâché website, where his presen-
tation is online, to start presenting. When he presents his interaction design of the game,
he is interrupted by one of the audience’s members. Someone asks for a detailed explana-
tion of the implementation of his interface interaction. He waves the mouse on the current
21
Figure 4.8: Adding learning as a whole part. Figure 4.9: Adding a video.
frame. Several navigation arrows appear on the edges of the screen. He puts the mouse on
one of the arrow icons. A small preview shows him which frame this arrow icon will lead
to. He clicks the arrow icon to jump back to the previously displayed, frame of the video,
which shows how exactly users interact with the interface. Next, he clicks the ‘backspace’
key to jump back to where he was in the presentation, to the frame that explains details of
interaction design in their game. Then, he continues to the next section.
When Neal reaches the second section from the end, the course’s teaching assistant
informs him that he only has one minute left. What to do? He needs to save some time on
the current section. Neal adapts his presentation. He starts talking about the conclusion
of their game design project. He clicks the appropriate navigation arrow icon. He directly
jumps to the conclusion frame. He starts talking about the conclusion instead of talking
more about details of the previous section.
22
5. FIELD STUDY METHODOLOGY
The naturalistic setting [39] of our study situated users in a real context of cognition,
learning and knowing. Therefore, participants performed presentation tasks for academic
purposes where they would normally use slideware; e.g., dissertation proposal defenses
and course project presentation. This study methodology matches our research goals, be-
cause learning, cognition and knowing are irreducibly co-constituted and cannot be treated
as isolated entities or processes [40].
We let participants naturalistically choose if they would use hypermedia pathways in
free-form space for authoring and delivering presentations at all, as well as their own
presentation topics and goals. Users who have stake in performing tasks, academic perfor-
mance in this study will be more engaged than users who perform artificial study tasks.
5.1 Participants and Dataset
We conducted a field study, broadly involving 582 people who used our augmented
version of the free-form web curation environment, IdeaMâché, from April to Decem-
ber 2016. Study participants included 420 students in four courses, which span three
university departments: Environmental Design (The Design Process: Creativity and En-
trepreneurship, 165 students), Communication (Feminism and Technology, 20 students)
and Computer Science (Programming Studio, 192 students; Human-Centered Computing,
43 students). In these courses, use of free-form curation was mandated for some assign-
ments, but not for presentations. The instructor in the computer science courses is among
authors of this paper. Study participants free access to hypermedia pathways navigation,
but were not told to use it. We identified a subset of 158 participants (27%) who used
hypermedia pathways, in conjunction with free-form space. We gathered quantitative data
via interaction logging.
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Within the subset of participants who used pathways, we gathered qualitative data
through observation of presentations and semi-structured interviews. We interviewed 29
participants (both individuals and groups) about their experiences of authoring free-form
content spaces, conjoined with hypermedia pathways, and using these to perform presen-
tations (Table 5.1). We recruited apparently engaged users, who created visually attractive
work and frequently used hypermedia pathways. Several interviewees came from outside
the four courses.
We analyzed data according to Charmaz’s qualitative methodology for constructing
grounded theory, that is, by gathering rich data, initial coding, theoretical sampling, fo-
cused coding, categorization, the incorporation of sensitizing concepts, and conceptual
refinement [41]. We took transcriptions of interviews as a primary form of rich data. We
began by forming 30 initial codes through analysis of all the interview transcripts. Then,
we performed focused coding, by combining similar codes together resulting in 10 codes.
As we did this, relationships among codes were revealed. Through this process, we orga-
nized the codes into 4 categories that we present below.
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6. FINDINGS
We briefly present quantitative findings, providing an overview of how hypermedia
pathways were used. We provide extensive qualitative findings, which we organize into 4
categories: free-form multi-scale spaces, hypermedia pathway navigation, improvisational
performance and ideation.
6.1 Quantitative
We collected 2175 valid (having more than 3 content elements) free-form curation
works created in IdeaMâché environment from May 2016 to December 2016. In the
dataset of 2175 free-form curations, 461 (21%) of these used hypermedia pathways nav-
igation. Among those with hypermedia pathways, 161 (35%) curation works include at
least one branching pathway. We included curations with at least 2 frames and 1 connec-
tion.
Figure 6.1 shows the relationship between the number of frames and connections in
each presentations. Most of the presentations have less than 20 frames which means the
users normally unitized their presentation into less than 20 units. We can also see that,
the majority of presentations have a linear pathway which consisted a clear trend line in
the graph. However, the dots which are on the top of the trend line show the usage of
branching pathways.
6.2 Free-form Multi-Scale Spaces
6.2.1 Free-form Spaces in Presentation
Free-form spaces provide freedom for users to arrange content elements, without dic-
ing content into arbitrary parts. Users said that it becomes easier to articulate relationships
among content elements in free-form spaces than it would be in slideware. They use
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Figure 6.1: The relationship between numbers of frames, connection and content elements
in each presentation
overview frames as a means of organizing content in free-form space. Overlap is some-
times used to convey connection among ideas. They sometimes include supplemental
content in a space, but exclude it from pathways.
Q1 P4: That’s one thing [the presentation class] really stressed. You have to
provide signposts of where you are in your presentation. I would have had to
add those in, but we didn’t really have to do that here. I thought the structure
was more obvious.
27
Figure 6.2: Typical overview frame
Q2 P5: On Google slides, it wouldn’t have done me much good to show the
whole thing. Because when I transitioned, it wouldn’t be clear that I was going
to a different part of it . . . . I probably would’ve made a different diagram that
was just the names of these things, like Big Semantics and iframe extractor,
and have that be my first slide, and then go into the detailed ones.
Participants described strategies for providing overviews, zoomed to cover multiple
presentation frames, that helped them present ideas as a whole to audiences. Rather than
focusing on the details, the overview frames show the whole structure, which helps users
explain how detailed content parts are related to each other (See Figure 6.2).
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Q3 P3: At the beginning you need to understand the work flow. Then my idea
is that first give an overview, so it’s a whole picture. Then I want to introduce
several major components.
Q4 P2: You put additional frames inside, starting with the overview frame,
which is general information about the game.
Based on the nature of free-form spaces, users can overlap content elements and pre-
sentation frames. P6, for example, used overlapping presentation frames to connect two
ideas. The overlapped parts are related to the main ideas in two different presentation
frames (See Figure 6.3).
Q5 P6: I had a little overlap here where it had a joining thing that was con-
nected to these two ideas, so I joined them together here. . . . This middle
section is related to both contents so [I] keep it in both frames.
The near infinite space provides the possibility for users to have content which may
not be included in any presentation frames. However, that content may still be shown in
the overview or in the transition during the performance of presentation. These elements
can act as backup or reference, or even for entertainment (See Figure 6.4).
Q6 P5: I didn’t actually plan on showing [the implementation detail docu-
ments]. I just wanted it to be there as a reference. [It is more] more detailed,
cause it’s long and text heavy. I thought it should be part of the mâché but not
necessarily the presentation.
Q7 P4: We had those pictures there. They’re never actually really in the
presentation. . . . It had some empty spaces. I just put them in. I thought
it’d be funny. No one would really see them. They wouldn’t detract from
anything, but we’d know they were there. It’s entertaining.
29
Figure 6.3: Overlapping frames in P6’s presentation.
6.2.2 Multi-Scale Presentation Organization
Participants use multi-scale structure to represent the difference in the importance
among content parts. For example, P23 authored a presentation about his personal history.
Content related to his childhood is shown smaller, compared to content that introduces his
teenage years. He created this multi-scale structure because he thinks how he looks now
is more relevant than how he was as a baby (See Figure 6.5).
Q8 P23: It’s just visual effect, and the pictures just get bigger. Because as
you get older, you have more responsibility. That’s when you’re going to have
to start doing stuff by yourself. So, I believe that these are the most important
parts when it comes to goals.
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Figure 6.4: A supplemental image, in the middle in P4’s free-form space, is excluded from
their presentation.
Q9 P12: If we put [these frames] at the same level, then it would show the
same importance for them, but they don’t have that same importance anymore.
6.2.3 Sketching
Participants used sketching in our study for variety of reasons, for example, drawing
arrows to show the link between elements, drawing frames to group the content or to
annotate.
Q10 P10: Before we implemented hypermedia pathways I had those [sketch-
ing] arrows to show the relationships.
Q11 P5: I sketched over [the space]. And then at that point I added the
presentation part. So I added the frames.
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Figure 6.5: Multi-scale content organization in P23’s Presentation (http://
ideamache.ecologylab.net/v/Nx8BJPBaUM/)
Q12 P18: It was easier for me to visualize [frames]. When I went to [creating
hypermedia pathways], it was easier for me to decide that what to group. It’s
32
like those sketch marks that I did, which were in my head, that I could draw.
6.3 Hypermedia Pathway Navigation
In the interviews, participants explained how hypermedia pathway navigation helped
authors, presenters and audiences.
6.3.1 Presentation‘Flow’
Some users mentioned ‘flow’, by which they mean their sense of connection among
content frames as they sequence them in a presentation. They recognized this flow either in
terms of their experiences of authoring content frame sequences or in terms of conceptual
relationships connecting frames.
Q13 P12: Flow, . . . it’s mimicking how [the work] itself was created, each
step. From one presentation slide to another, it mimics the flow of the actual
work. So one slide would represent one part of that deliverable that we worked
on, and then the next, and so forth.
User find that it is hard to show the flow in the free-form space which doesn’t have
hypermedia pathways:
Q14 P10: I’ve seen IdeaMâché at that time where [they] didn’t utilize [hyper-
media pathways]. That’s very confusing, because there’s no organized struc-
ture [to show] where the flow goes. If I just hand that off to someone random,
they would have no idea where to start and where to finish, in most cases.
Unless you physically drew arrows everywhere to show them.
On the contrary, with hypermedia pathway navigations, the fluidity of ideas is en-
hanced and the flow is represented in a better way to the audience. Participants use this
navigation to articulate relationships among presentation frames.
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Q15 P22: The continuity is really cool. I like how when you’re moving from
side to side. Like there is a sense that this is all the same flow. As opposed
to like PowerPoint, where you’re literally just doing separate frame, separate
frame, separate frame, and everything feels a little more disjointed.
Q16 P10: I wanted to physically show the teaching team the flow and the
outline.. . . I wanted to physically show them that rather than throwing things
on them just like drawing arrows everywhere to do that. . . . I guess the reason
I try to do [hypermedia pathways] was to show the teaching team that this is
the flow and this is the relationships between the different web page.
Q17 P16: I guess [hypermedia pathways navigation] also worked better with
the project, instead of just viewing the whole thing at once. It gave you an
order in which to go in, instead of just here is all of the information.. . . Instead
of the whole being viewed at one time, and then the reader have to find out
where to start and where to go next from the starting point.
Hypermedia pathways can also help with reusing content in a presentation:
Q18 P16: If I was here in PowerPoint, . . . I have to completely recopy these
pictures into the next and into that slide instead of just being able to go back
real quick then just take a quick peek at the pictures again or not at all, you
can keep moving on to the project.
6.3.2 Animation for Navigation
The animation in navigation shows a moving trace of transitions between frames. We
designed this animated navigation to show changes of scale and spatial distance between
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Figure 6.6: Participant 13’s presentation: Building a gaming PC (http://
ideamache.ecologylab.net/v/yjfozfGEEB/)
frames. We found that this helps presenters to convey how each frame connects to the
previous one.
Q19 P5: What I liked is this action of [transition animation].. . . On my last
frame, I could immediately go back to the first. Making these big jumps, in a
nice smooth way, is probably the biggest difference [between having anima-
tion or not].
Users found that sometimes their verbal description of the relationships among presenta-
tion frames could be omitted, since the spatial organization and animation already articu-
late those relationships.
Q20 P5: If I was in Google slides or PowerPoint, I would’ve paid more at-
tention to how I started each slide. I think it’s not necessary [here], because
I had already explained this whole diagram, and I had said what each part
was. And then, once I did the transition, it was clear to the part I had zoomed
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in on. Whereas with PowerPoint or Google slides, I would need to specify
“Okay here’s what you’re looking at now, and how it relates to what you were
looking at earlier.”
6.3.3 Situated Navigation
With free-form space, in conjunction with hypermedia pathways navigation, authors
are not constrained by linear structure, which may hinder their presentation of ideas.
P13, for example, created a presentation about how to build a gaming PC. He used hy-
permedia pathways to link each detailed frame, which was about each part of a computer,
to a video tutorial on how to assemble a PC. He thought this video tutorial could perform
as a reference for each kind of computer part (See Figure 6.6).
Q21 P13: Some people may have never built a computer. They’ll look at this
and be like, “What does this do?” . . . They can always go back to the video
[to] see how it’s installed. That’s why I put the video there.
The audiences also have the freedom of choosing their own paths for viewing presen-
tation content.
Q22 P9: I want the user to be able to say: “Okay what do I want to look at?
Do I want to look at what happens if they click this button, or that button, or
this button?” It is just giving them a choice to determine what they want to
look at.
Q23 P16: [Pathways navigation] just allowed for it to give [audiences] a
starting point. And then they were able to go through the information at their
own pace, but also have an order to it.
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6.4 Improvisational Performance
While performing presentations, some participants improvised. In some cases, they
improvised when answering unexpected questions from audiences. In other cases, they
changed their plans in response to the reactions of audiences or when new ideas emerged.
Q24 P4: I did the problem statement and I talked about the first study. Then,
I briefly introduced the video. That was impromptu.
In P22’s final presentation of their game design project, we observed that the presenter
spontaneously navigated content to further contextualize it. P22 panned and zoomed into a
part of content which is relevant to the current frame, but not connected to the current frame
directly. After this, he just jumped back to the frame which he talked about previously and
continued his presentation from there.
Q25 P22: It was somewhat improvisational, . . . I wanted to show [we changed
that colors for the teal blue, green tints]. [Directly panning and zooming to
that part] was a quick way of doing it.
Q26 P17: I think [improvising] was a lot easier than using a normal presen-
tation [tool]. I think if I actually had to spam enter [key] until I got there, it
would have been really hard, especially since the transition between slides is
kind of slow. But because, even in presentation mode, you can zoom out and
drag and go to the next spot, it was pretty easy for me to go out of the main
screen, find where I needed to be, and zoom in real quick on it, so that they
could talk about it.
37
6.4.1 Anxiety
Although hypermedia pathways navigation provides benefits to presenters, negotiating
branching pathways may increase their nervousness. Some presenters chose to use linear
pathways to reduce risks and anxiety.
Q27 P21: I wanted to keep it super simple, because when we’re out there,
you’re nervous. So I only wanted one link to the others. All we have to do
is hit the down arrow —just go to every single one. . . If you would have a
lot of different arrows, it might get hard. . . . I didn’t want a bunch of arrows
blocking everything. Just to keep it super simple because we have four people
up there. I just —the simplest is what we went with.
6.5 Ideation
New ideas sometimes emerge while authoring and delivering presentations, which can
be a long process. As users are working, new ideas sometimes come to mind based on what
they did before; thus, making presentations expandable becomes helpful for stimulating
ideation.
Q28 P6: [The presentation authoring] was a very iterative process. It wasn’t
like we knew right away. We tried some things until we found something that
we thought worked.
The ability to freely integrate new ideas into their work in relation to previous ideas facil-
itates users’ creative processes.
Q29 P17: In every deliverable, we had to build upon the previous one [in the
space to] add more about our work, [and] what we were doing. So making
something expandable like that, would be a lot easier in here. . . . It’d be more
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tedious to insert a lot of details [in PowerPoint], because I have to update
multiple things, whereas with this I just drop it and connect it. So, when
you’re building as you go, and you don’t really know how it’s going to evolve,
this is a lot easier to work with, because it’s a lot more adaptable.
Ideation also arises when users review their presentations with presentation frames
and pathways. The easy transition between content editing and presentation frame editing
helps stimulate the emergence of new ideas.
Q30 P20: I’m pretty sure I started drawing the boxes after I’d made the entire
layout. I might have gone back and forth a couple of times [in the space],
while repositioning some things, to make it look better in the [pathway]...
I originally started out with the outline, then clicked and dragged multiple
different ideas onto it, arranged it the way I wanted it to. Then [I] moved into
[pathway editing], drew the [frames], drew the [connections], and then said,
“I’m done.” And then looked at it, to make sure it looked right. Then I go
back and revise, if I need to.
Q31 P16: I played the presentation first. . . . There was some pictures that
when I was going through. I was like, “Oh this could go before or this could
go after.” Then I had rearranged them and then the blue boxes were like,
shaped out to fit the picture. I played with it a lot before, I finally, got the
order that I want.
Q32 P17: Lots of times, [I reviewed the presentation]. I reorganized those
small pictures about ten times before. . . . [Finally] I went through like the
actual presentation multiple times before I was actually able to finish the pre-
sentation and like it.
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7. DISCUSSION
We examine how the integration of free-form space with hypermedia pathways helps
ideation and manage ambiguity, in three ways. First, free-form spaces articulate multiple
relationships among content elements. Next, hypermedia pathways support managing the
ambiguity of these free-form spaces. Finally, ideation happens both while authoring, and
later, while performing a presentation.
7.1 Free-form Space: Articulating Multiple Relationships
Free-form web curation’s ZUI affords unconstrained organization of content elements
in 2D space, along with a range of variability in Z direction. This enables a panoply of
relationships among elements to be articulated. It matches the underlying structures of
knowledge, itself, particularly interdisciplinary structures, which most generally are rhi-
zomatic, with multiple branches, rather than strictly hierarchical [42, 43]. This is mirrored
by the associative structure of hypertext, itself, which Landow, citing Barthes, calls an
‘ideal textuality’, in which “the networks are many and interact, without any one of them
being able to surpass the rest” [44].
7.1.1 Ambiguity
Ambiguity means the capability of being understood in more than one way [45]. There-
fore, ambiguity is often considered an anathema. To the contrary, according to Gaver et
al., ambiguity can serve as a resource for design [8].
Ambiguity is not fuzziness or inconsistency. It enables people to make different inter-
pretations of the same content. Thus, ambiguity can benefit both authors and audiences by
letting them interpret content and relationships in multiple ways.
For example, misalignment of elements can express an author’s uncertainty about
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whether or not elements belong to the same sets [8]. The X and Y dimensions afford
articulation of multiple relationships. The use of visual cues (e.g. arrows or frames) can
assign one element to multiple groups, depicting multiple sets of relationships (see exam-
ple Figure 7.1). Since authors are not constrained by a single expression of relationships
among elements, free-form curation stimulates articulating multiple connections between
content elements.
Free-form spaces support ambiguity in how they afford readings in different orders.
This contrasts with slideware, which provides only a single reading sequence. It corre-
sponds to Nelson’s conception of hypertext [1]. Q22 and Q23 describe how authors use
ambiguity, through branching pathways, to enable audiences to make their own routes
through the content.
7.1.2 Spatial Organization of Presentation Content
In slideware, users, from the beginning, must organize content into a linear sequence
of content units. Slicing and dicing information into slides is imposed. This presenta-
tion creating procedure forces users into premature formalism, which has been shown to
hinder users from developing new knowledge [5]. P4 said that creating signposts, for or-
ganizing a presentation, arose organically, rather than as an add-on process Q1 . Marshall
and Shipman proposed that spatial hypertext leaves structure implicit [6]. Thus, using
free-form space for presentation authoring protects users from slideware’s premature for-
malism problem.
Spatial organization takes advantage of human perceptual abilities [6]. P21 organized
presentation content in the free-form space to mimic the look of a working desk (See Fig-
ure 1.1). This spatial organization is an instance of the morphology pattern [46]. The
morphology pattern signifies visually arranged elements in a recognizable form, which
may be concrete or abstract, to creatively integrate form and content. This kind of spatial
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Figure 7.1: Effects of Caffeine on Human Health, P18’s free-form curation (http://
ideamache.ecologylab.net/v/GgPhXKZ6Jj/)
organization connects parts as a whole, while also leaving them individually distinguish-
able. This spatial organization of content stimulates visual thinking. At the same time,
pathways enable authors to structure navigation.
7.1.3 Sketching
Sketching is a strategy of free-form web curation, beyond spatial hypertext. Gold-
schmidt observes, sketching can help with generating ideas, instead of just recording them
[47]. In a design task, sketching reflects visual thinking and gives form to potentially
meaningful clues. When users sketch dots, lines, and other marks, unplanned relation-
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ships can emerge among the elements. In our study, participants used sketching to anno-
tate, draw frames to group content elements, and link them with arrows (see Figure 7.1).
Compared to prior presentation support tools, sketching makes it easier for users to
explicitly show multiple connections across slides. Our data Q10 and Q11 shows that
users sketch before they define presentation sequences and create frames. Another use
for sketching is to explicitly show connections among content elements (see example Fig-
ure 7.1).
Goldschmidt found that rapid sketching facilitates transformation. In our study, users
quickly sketched groupings, as they authored presentation content Q12 . This facilitates
ongoing decision-making about relationships among elements.
7.2 Managing Ambiguity
As we previously discussed, free-form spaces afford ambiguous layouts, which serve
as a resource of design. At the same time, for performing presentations, the ambiguity
needs to be managed, to simplify the presentation experience.
7.2.1 A Problem: Presentation Performance Anxiety
Public Speaking Anxiety (PSA) commonly afflicts presenters. One study shows that
approximately 70% of university students experience at least a moderate level of anxiety
in oral presentations [34]. Speaking anxiety can lead to low quality presentation per-
formances [35]. Further, Linder et al found that while participants in a seminar class
found that free-form spaces, without presentation pathways, were beneficial for connect-
ing ideas, they were afraid to use them for formal presentations [13]. A participant in the
present study was confused by the ambiguity inherent in using free-form space, without
hypermedia pathways, to present Q14 .
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7.2.2 Pathways for Presentation
To address performance anxiety, we provide pathways to help presenters manage am-
biguity. Pathways gives support to presenters and audiences in two ways. Unitizing and
linking content enables presenters to articulate specific pathways through free-form space
from the infinite set of navigation possibilities. Pathways navigation provides users with
constrained transitions.
By unitizing content and connecting frames, users are able to mitigate the ambiguity
of the relationships among content elements. Users create pathways to constrain viewing
to some particular order Q15, 16, 17 . P12 describes using spatial layout to show logical
connections among parts, while using pathways to show the chronology of creating parts
and illustrate underlying thought processes Q13 . Thus, combining spatial organization
with hypermedia pathways supports authors in articulating multiple levels of structure.
Constrained transitions in pathways navigation help presenters, freeing them from on-
the-fly pan and zoom manipulations. The animation reveals structural relationships be-
tween frames. Audiences gain perception about how two frames relate to each other,
e.g. a zoom-in animation shows how a next frame provides details vis-a-vis an overview.
Presenters found the animation across space reduces their need to verbally explain those
relationships Q20 .
7.2.3 Choices in Pathways: Branching Pathways
Hypermedia pathways may be linear or branching. Branching pathways enable authors
to set some frames to provide multiple choices for the next frame, during the performance
of the presentation. Branching pathways enable authors to avoid slideware’s overhead of
repeated content Q18 .
Slideware’s linear sequence does not support presenters responding to unexpected
questions and comments, a need discovered by prior researchers [28] and expressed by
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our own participants Q6, 21 . Users make ‘hidden slides’ to prepare for the unexpected,
but to show them in slideware, they often need to perform ugly repeated slide navigation
traversals.
Overview+detail frame organization is an example of how participants used branching
pathways. For example, Figure 6.2, provides evidence of how users integrate free-form
spatial organization with branching pathways Q3, 4 . An overview frame bounds detail
frames, which are connected through branching pathways. The previous section connects
its overview to the next section’s overview frame, which in turn, connects to a detail frame.
The last detailed frame in a set links back to its overview to articulate content structure.
On the other hand, in our study, users also expressed anxiety about the complexity of
branching pathways for performing presentations Q27 . Branching pathway navigation is
inherently more complex than linear pathway navigation. We recall that Tufte said, “the
deepest reason for displays that portray complexity and intricacy is that the worlds we
need to understand are complex and intricate” [48]. For some users, branching pathways
enable directly reprsenting the actual complexity of a presentation.
7.3 Ideation
According to Kaufman et al.’s model of creativity, mini-c creativity involves personal
experiences, while little-c involves sharing them with others [49]. Authoring a presenta-
tion in free-form space, in conjunction with hypermedia pathways, involves mini-c creative
ideation, inasmuch as a user learns about a topic and develops ideas. When authors per-
form their presentations to audiences, they convey and share ideas. Mini-c ideation rises
to the little-c level.
7.3.1 Ideation in Authoring
As we discussed before, the premature formalism in slideware produces a gap between
the user’s goals and the system’s representation, since it interferes with how people develop
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knowledge [5]. In contrast, the flexibility of authoring free-form spaces with hypermedia
pathways interleaves iterative knowledge formation with presentation. For P17, using free-
form space in conjunction with hypermedia pathways supported continuously inserting
more details and content adaptation Q29 .
By constructing presentation frames and pathways, presentation structure can be dif-
ferent from the free-form space’s structure. Presentation frames can easily be adapted,
when content needs to be rearranged. Slideware lacks integrated, alternative representa-
tions for content structure and its presentation sequence. Users must go back and forth to
revise content and its structure under different views. Participants found that their ideas
evolved as they became involved in iterative cycles of spatially re/organizing content, or-
ganizing pathways, and performing them Q30, 31, 32 . In slideware, effort invested in the
formalism of re-indenting and resequencing content can distract users from re-cognizing
content relationships.
7.3.2 Ideation in Performance: Improvisation
Improvisation involves reworking precomposed material and conceiving and shaping
unanticipated ideas under the special conditions of performance [26]. In the performance
of hypermedia pathways, in conjunction with a free-form space, the presenter is enabled to
spontaneously pan and zoom the presentation view, beyond predefined sequences. P22 and
P17 found this improvisation support improved presentation experiences Q25, 26 . The in-
tegration of spatial and node-link hypermedia content organization helps presenters spon-
taneously show connections and avoids slideware’s difficulty in accessing a remote slide
and then jumping back to the prior context.
7.4 Changes for Design: More than Presenting
According to performance studies scholar, Schechner, creative process means ‘reveal-
ing associations, following wherever they lead, to the very end’ [50]. Authoring and per-
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forming a presentation potentially functions as such a creative process of discovery. The
problem is that prior approaches consider developing a presentation as a tightly speci-
fied task, not a creative one. Developing ideas and presentations are compartmentalized
into discrete silos of experience. In combination with hypermedia pathways, free-form
multi-scale spaces support users in revealing and developing relationships among ele-
ments. Through such processes, new ideas emerge.
Traditional presentation support tools, like PowerPoint and even Prezi and SlideSpace,
are comparatively product-oriented. In slideware, users are forced to start by authoring
each slide, from the beginning, on a line-to-line level. We observe that this adds the burden
of needing to unitize content even before realizing the whole. Further, slideware’s topic-
subtopic, nested bullet points structure is ineffective for scientific presentations [12]. These
shortcomings produce gaps between the user’s goals and the system’s representation. To
overcome this problem, experts on creating effective presentations with slideware advocate
that people start in a different medium, using pen and paper to design presentation content
[31, 4]. Slideware’s premature formalism forces users to focus on the product without the
process.
Spatial content organization supports iterative knowledge formation, aka creative ideation.
The potential for multiple interpretations through ambiguous relationships and the abil-
ity to manipulate them stimulates processes of engagement. Sketching amidst content
also provides flexible means for interpretation and articulation. The more that ideation is
supported continuously as a process, the more that new ideas will be allowed to emerge
as people work. Hypermedia pathways provide structural support, with free-form space,
through stages of knowledge development, enable users to define routes that manage the
ambiguity for presentations.
Therefore, we recommend that future presentation tools provide more support for cre-
ating content rather than singly focusing on the final product, namely the performance of
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presentations. Spatial content organization integrated with hypermedia pathways is a way
for both stimulates ideation as well as provides well-organized performing experiences to
the users.
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8. SUMMARY AND CONCLUSIONS
In this research, we integrated hypermedia pathways into free-form spaces to enable
well-organized presentation performance experiences, while at the same time supporting
iterative ideation throughout the process. The spatial organization of content will protect
authors from premature formalism and stimulate ideation, while hypermedia pathways
will help presenters to perform well-organized presentations which convey the ambiguous
and complex relationships to the audiences.
We ran a study, in a natural setting, which addresses students’ actual challenges in
creating project ideas and presenting them. The present study addressed university com-
munity members. Future research can address the potential for the integration of free-form
space and hypermedia pathways to benefit iterative creative processes in many fields and
at many levels.
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APPENDIX A
INTERVIEW QUESTIONS FOR USERS
Introductory Questions
1. What year and major are you?
2. What kinds of presentations you have made before? What tools do you use for
making those presentations?
3. In what course and semester did you use IdeaMâché? From your perspective, what
is the course about? What is the role of IdeaMâché?
Transition Questions(optional)
4. What was your role in your team for working on the presentation using IdeaMâché?
Key Questions
1. Authoring Presentation
2. Why did you use IdeaMâché for the final presentation?
3. When did you start authoring the presentation? How long did you spend on author-
ing?
Describe the process of authoring the presentation.
4. Tell me the story of how you (or your team) created it.
5. Did your prior work with IdeaMache play any role in how you created your presen-
tation? If so, what role? Discuss.
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6. What are the most diffiogcult issues you encountered while authoring the presenta-
tion?
7. Open the the interview’s presentation Mâché and look at it together Opportunisti-
cally ask the following
[keep the conversation going and be comprehensive about editing presentation fea-
tures - try to get the interviewee to talk about it]
8. What was the first thing you did? Why?
9. I like the layout of your content. Could you tell me how you decided the current
layout?
10. Is there any special reasons for putting this content next to the other one? (Point to
some specific contents)
11. How you create a frame and why you make this frame? (point to a specific frame)
12. Do you like the way of showing those frames? Why?
13. Did you modify your content after you creating the frame related to that content?
14. How you decide the sequence of the frames? Is the overall layout of your content
related to how you created the sequence of frames? If so, how?
15. Do you like the way of showing those connections? why?
16. When you start creating connections? Why you link those two frames?
17. Did you modify the connections after the rehearsal and why you change it?
18. How you decide the start frame of your presentation?
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19. Let’s pretend you use PowerPoint or Google Slides for authoring this presentation,
what kinds of changes will you make?
20. Looking at it now, do you notice anything that you forgot or missed about your
authoring presentation process?
Performing the presentation
1. What do you think are the important parts of the presentation? Why?
2. Do you like the transition between the frames? Why?
3. Do you like the multiple choices of the next frame? Why? When will you use it or
when will you not use it?
4. What did you use for control the presentation? Keyboard or Mouse? Which one you
prefer and why?
5. How did the interaction way for moving forward of your presentation?
6. What do you think is the most difficult operations of delivering the presentation?
7. Let’s pretend you use PowerPoint or Google Slides for delivering this presentation,
what do you think will be the different?
8. Is there any situation during the presentation you unexpected?
9. Did you satisfied with the feedback from the audience?
10. What’s your team member’s feedback on the presentation you make?
Ending Questions
1. Are there things you wanted to do with this presentation (while editing and deliver-
ing) that you were unable to?
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2. Is there anything else you would like to tell us about the Mâché, the presentation?
3. Thanks so much! Do you have any question for me?
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